When the ejector was applied in the natural gas exploitation and sea water desalination industries, the ejector always operated on the two phase operation, because of the primary fluid or the induced fluid usually companying some water inside. The water inside the primary and induced gas will affect the ejector performance. In the present study, the experimental and CFD methods were used to investigate the two phase flow inside the ejector, when the water was injected into the induced flow. The results show that: when the water was injected into the induced flow, the experimental results decreased, as well as numerical results. The numerical results agreed with the experimental data, with the maximum deviations less than 20% for critical mode and less than 40% for sub-critical mode.
Introduction
In the natural gas field exploitation and sea water desalination, in order to boost the low pressure natural gas or maintain the circulation rate, it is quite necessary to produce and maintain a low pressure environment. Compared with other systems, the ejector system is rather simple to operate and maintain. However, the relatively low performance is the main flaw to widen its application.
Some researchers have performed the related study experimentally, and also studied the two phase flow inside the ejector numerically. Al-Ansary and Jeter [1] performed a preliminary experimental investigation to tackle two-phase in the ejector, they introduced fine droplets into the primary stream. Their results show that the water injected into the primary flow could greatly improve the ejector performance. Then, Hemidi et al. [2] also carried out the similar experimental research. They stated that the entrainment ratio would increase at the sub-critical mode. However, they only investigated the performance of ejector with the variations of back pressure, the effects of motive pressure and induced pressure were not mentioned. Li and Li [3] studied the geometrical factors on the characteristics of gasliquid ejector.
The present study's objective is to study the two phase flow process in ejector, and obtain the effect of two phase flow and operation parameters on ejector performance. This work will be helpful to make the ejector on the optimal operation and beneficial for the design work when the ejector is on the two phase operation.
Experimental rig
To study the ejector performance on the two phase flow, an in-house experimental test was set up, as shown in Fig.1 . The pressured air pumped from the compressor, passed through a ball value, then supplied the desired flow rate and pressure by a pressure regulator. The primary flow rate was measured by a vortex shedding flowmeter with the accuracy of 1.5%, while the maximum error was lower than 3.6%. The induced steam was also controlled by a ball value and a pressure regulator. The accuracy of the induced steam flowmeter was 1.0%, with the largest deviation was 4.3%. The mixed fluid passed through the mixing tube and diffuser, and then discharged into the atmosphere through a pressure regulator.
The ejector geometrical parameters, such as primary nozzle throat, mixing tube length, were listed in Table 1 , as well as the operation parameters. And the positions of the measurement (flowmeter, pressure) were shown in Fig.2 . The main material of the ejector (primary nozzle, mixing tube, and diffuser) was stainless steel, while the other parts are made of carbon steel. 
Numerical model
The compressible steady-state form of the fluid flow conservation equations was applied to simulate the flow inside ejector. The working fluid of the model was air. Its density was obtained using the ideal gas relationship, while other properties, such as specific heat, thermal conductivity, viscosity and molecular weight, were kept constant obtained from Fluent data.
The RNG k-epsilon model was chosen to simulate the turbulent flow, which was proved to better predict performance than other models by Bartosiewicz et al. [4] . In this research, the water droplets were injected into ejector. These water droplets were considered as spherical and nonvolatile, were homogeneously distributed in the flow field modeled as a discrete second phase in a Lagrangian frame. The DPM model was used to simulate the droplets flow, which could be found in [5] .
Results and discussion
The entrainment ratio, is defined as = m s / m p . In the present study, the numerical and experimental works were carried out to investigate the effect of two phase flow on the ejector performance. The entrainment ratios were measured when P p is 1.0MPa, P s is in the range of 0.3-0.5MPa, P c ranges from 0.4MPa to 0.72MPa, and the injected water flowrate is 0.00083kg/s.
As shown in Fig.3 , with the increase of secondary flow pressure, the entrainment ratio increased, as well as the critical back pressure. When the water was injected, the entrainment ratio and critical back pressure both decreased. Fig.4 shows the numerical results, they had the same variation tendency with the experimental results. Whether the ejector was on single phase or two phase flow, the numerical results approximately agreed with the experimental data, with the maximum deviations less than 20% for critical mode and less than 40% for sub-critical mode. When the water was injected into the secondary flow, the entrainment ratio decreased. For experimental data, the maximum deviation between the single phase and two phase flow was less than 15%, while the value was 8% for the numerical results, as shown in Fig.6 . Fig.5 and Fig.6 give the pressure distributions along the axial line. The primary pressure was 1.0MPa, and the induced pressure was 0.3MPa, while the back pressure was 0.52 and 0.6MPa, represents that ejector was at critical and sub-critical mode. There existed two series of oblique shocks, as the back pressure increased, the upstream flow kept constant, it was at critical mode. When the water injected, the pressure line moved upstream, the critical back pressure decreased. 
Conclusion
In the present study, the effect of two phase flow (the secondary flow companied water) on the ejector performance was studied experimentally and numerically. The results show that: the experimental results decreased when ejector was on two phase flow, as well as numerical results. The deviation between the single phase and two phase flow was less than 15%, while the value was 8% for the numerical results. the numerical results could approximately agreed with the experimental data, with the maximum deviations were less than 20% for critical mode and 40% for sub-critical mode.
